Mass gatherings are regarded as potential risks for transmission of infectious diseases, and might compromise the health system of countries in which they are hosted. The evidence for increased transmission of infectious diseases at international sporting mass gatherings that attract many visitors from all over the world is not clear, and the evidence base for public health surveillance, epidemiology, and response at events such as the Olympics is small. However, infectious diseases are a recognised risk, and public health planning is, and should remain, a crucial part of the overall planning of sporting events. In this Series paper, we set out the planning and the surveillance systems that were used to monitor public health risks during the London 2012 Olympic and Paralympic Games in the summer of 2012, and draw attention to the public health issues-infectious diseases and chemical, radiation, and environmental hazards-that arose. Although the absolute risk of health-protection problems, including infectious diseases, at sporting mass gatherings is small, the need for reassurance of the absence of problems is higher than has previously been considered; this could challenge conventional public health surveillance systems. Recognition of the limitations of health-surveillance systems needs to be part of the planning for future sporting events.
Introduction
Mass gatherings are seen as potential risks for transmission of infectious diseases, 1 and might be expected to compromise the health system of the city, country, or region in which they are held. This risk and expectation is clearly true for the yearly Hajj in Saudi Arabia, where infectious diseases have been a major problem and where substantial eff ort is now made by the host country's authorities to mitigate and manage the risk. 2 The evidence for the risk of transmission at international sporting mass gatherings-such as the Olympic Games and World Cup-is not clear, but nevertheless public health planning and response are an essential part of the overall planning for these events.
Although reports on the epidemiology of individual mass gatherings have been published, these have been neither comprehensive nor extensive. In this Series paper, we present the planning and surveillance systems used by UK authorities to monitor public health risksincluding infectious diseases and chemical, radiation, and environmental hazards-during the London 2012 Olympic and Paralympic Games (known collectively as the 2012 Games), and draw attention to the public health issues that arose and some of the lessons identifi ed from these.
Infectious diseases at Olympic Games
During the 1996 Atlanta and 2000 Sydney Olympic Games, infectious diseases accounted for less than 1% of health-care visits. 3 Data for the Attica region in Greece (in which Athens is located) during the Athens 2004 Games showed that, of the health problems for which people visited a primary-care physician, the most common were respiratory infections (6•7%) and gastroenteritis (3•7%) . Across all four regions where the Games were located, in areas representing 51% of Greece's population, salmonellosis accounted for about 50% of the mandatory notifi cations, tuberculosis 17%, hepatitis B 5%, aseptic meningitis 4%, and bacterial meningitis 3%. Recorded morbidity from infectious diseases was very low (2-3%). 14 small clusters (2-4 people) and eight large clusters (6-38 people) of foodborne or waterborne disease were reported in August, 2004. None of these outbreaks was reported from an Olympic venue, highlighting the tendency for all events in an Olympic City during the Games to be labelled as Olympics-related. 4 In the disease outbreaks were reported. 5 Enhancement of health-protection measures, particularly food safety and hygiene along the entire food-supply chain, might have caused an absolute decrease in morbidity. 6 However, the experience of the Democratic National Convention in Boston, MA, USA, where a reduction in health attendance was also noted during the event, suggests that movement of the resident population out of the mass-gathering environment might also partly explain the reduction in reported cases of communicable diseases.
Changes in normal catering and food-preparation systems during mass gatherings-such as the introduction of temporary or mobile food outlets or catering environments where good standards of hygiene are diffi cult to maintain-can lead to an increase in the risk of contaminated food and water causing incidents and outbreaks of gastrointestinal diseases. Several gastrointestinal incidents have been reported from mass gatherings such as festivals and sports events. [7] [8] [9] [10] [11] [12] Respiratory illnesses have always been major concerns for mass gatherings, as evidenced by the Middle East respiratory syndrome coronavirus. Indeed, airborne spread of microorganisms in the context of a mass gathering could result in not only respiratory tract diseases but also clusters of diseases such as measles, mumps, and meningococcal infection. 13 Infl uenza has frequently been recorded at sporting and music events such as the 2002 Winter Olympics in Salt Lake City, UT, USA, 14 and music festivals in 2009 in Belgium, 15 Serbia, 16 and Hungary, 17 and also at the World Youth Day in Sydney, NSW, Australia, in July, 2008. 18 However, sustained control measures, including vaccination, during the global pandemic in 2009 averted outbreaks of infl uenza A H1N1 at the Hajj and the Asian Youth Games, Singapore. 19, 20 The extent to which information needs at these mass gatherings are driven by politics and the media rather than by epidemiology or public health risk is not clear from published work. Demand is huge for information about any possible risk to the Games and to the reputation of the host city. Politicians and decision makers often seek reassurance that nothing is happening-this negative fi nding is not easily and reliably available from traditional surveillance systems. Recognition of the limits of surveillance systems needs to be part of massgathering planning.
London 2012 Olympic and Paralympic public health system

Planning and preparation
In the summer of 2012, London hosted the Olympic and Paralympic Games, respectively the largest and second largest international sporting mass gatherings in the world. The Olympics involved 10 500 competitors from 205 nations in 26 sports, and the Paralympics included 4200 competitors from 147 nations in 21 sports. More than 9 million tickets were sold for the Olympic and Paralympic Games, and an estimated 11 million spectators attended across all venues. 21, 22 Authorities began public health planning more than 7 years before the Games, following the principles laid out in the WHO Communicable Disease Alert and Response for Mass Gatherings Guidelines, and the experiences of previous host cities. [23] [24] [25] Planners recognised that during mass gatherings such as the 2012 Games it is important to address public health issues with the utmost urgency. The systems and capacity need to be in place to rapidly receive and analyse information from surveillance, reporting, and intelligence systems, and to identify and respond to any potential healthprotection threat.
The UK Health Protection Agency (HPA, now Public Health England [PHE]), in partnership with other local, national, and international agencies such as WHO, local government authorities, and the UK Food Standards Agency, developed a public health risk assessment for the Games. This assessment informed the UK national crossgovernment Olympic risk assessment, which formed the basis for the UK Government's Olympic planning.
The approach taken to the public health risk assessment was to follow the principles of risk analysis (what might happen?), surveillance and reporting (how will we know when it happens?), and response (what will we do if it happens?). In response to this risk assessment, systems were enhanced to provide additional surveillance data, improve understanding of the public health eff ect of the 2012 Games, and raise public awareness and understanding of public health concerns.
Traditional surveillance
The UK, like most developed countries, has well established public health surveillance based on clinician, environmental, and laboratory reporting, augmented in the UK by syndromic reporting systems. These systems are coordinated and managed across England by the PHE as the lead public health agency. Although the systems are very eff ective, the risk assessment for the Games suggested that they would not be suffi cient in terms of speed and comprehensiveness of coverage. Several enhancements to these systems were therefore imple mented as part of preparations for the 2012 Games, 26, 27 including the addition of data for attendance at Olympics venues to the core reporting requirement of notifi ed cases, and a move from weekly to daily analysis and reports. 27 The national Centre for Infectious Disease Surveillance and Control routinely collates reports of incidents, outbreaks, and adverse trends from across the UK; during the Games, in addition to undertaking this daily, they collated the enhanced systems we describe in this Series paper.
Daily analyses of mortality data were also done, and a new system was introduced for sentinel intensive care units to report unexplained illness of probable infectious cause. 28 This system involved clinicians in paediatric and adult intensive care units rapidly reporting cases using a customised web-based method. Cases were defi ned as thought to be due to infections but for which initial laboratory tests did not establish a diagnosis and which did not fi t with a recognisable clinical picture, or those in which the patient was not responding to standard therapy.
Syndromic surveillance
Before the Games, the HPA had two well established syndromic surveillance systems that had been used successfully during the Icelandic volcano and pandemic fl u incidents. [29] [30] [31] These systems were the HPA/NHS Direct Syndromic Surveillance System, which provides so-called pre-primary care data using call information from the health advice telephone service for a range of syndromes, and the HPA/QSurveillance National General Practitioner (GP) Surveillance System, one of the largest GP surveillance systems in Europe, which monitors weekly consultation data from a network of more than 3500 GP practices across the UK. Further GP surveillance was done with the long-term sentinel surveillance scheme coordinated by the Royal College of General Practitioner's Research and Surveillance Centre.
The 2012 Games risk assessment results showed a gap in the surveillance, missing visitors who might attend an out-of-hours provider of primary care (GP services), or attend either a walk-in medical centre or an emergency department. This gap was important, because the NHS directed overseas visitors to these providers to reduce any eff ect on normal health services. The assessment results also underscored that data from all systems were needed on a daily basis in advance of and throughout the Games. [32] [33] [34] The establishment of these two new national syndromic surveillance systems-GP out-of-hours and emergency department-developed specifi cally for the Games are among the surveillance systems that will continue to operate in England as part of the Games' legacy. 35, 36 
Event-based surveillance
During the 2012 Games a national event-based surveillance team was the hub for reporting of incidents and outbreaks of an infectious disease from across the UK that might substantially aff ect the Games, by their eff ect on venues, Olympic staff , athletes, or visitors, or by the public's perception of the Games.
The team enhanced established systems by reviewing and collating daily incident and response reports submitted by all local health-protection teams. The team also reviewed the national public health case-manage ment system (HPZone) for incidents and diseases of special interest. Information from both these sources was collated, and a Games-specifi c risk assess ment made according to agreed criteria. 37 Information about any notable events identifi ed was routinely reported daily to the national coordination centre, or more frequently, if needed.
Polyclinic reporting
For the fi rst time syndromic surveillance reporting was undertaken at the Games polyclinic. 38 This polyclinic, in the Athletes' Village in the main Olympic-Paralympic park, was the principal point of access to medical services for athletes and others. Medical facilities 39 were also located in every sporting venue, as well as in one of the main hotels housing the Olympic-Paralympic family. Each time a medical service was used, the doctor, fi rst aider, physiotherapist, dentist, or other health-care provider recorded details of the consultation and treatment using a medical encounter form. These forms provided an electronic record of the signs and symptoms of the presenting illness or injury. The London Organising Committee of the Olympic and Paralympic Games (LOCOG) wanted to gain some understanding of the incidence and pattern of infectious disease during the Games time-for the fi rst time an additional section was included on the form to enable this. This section was obligatory for care providers to complete, and asked whether the encounter was fever, rash, diarrhoea or vomiting, respiratory symptoms, jaundice, meningitis or encephalitis, or none of these.
International epidemic intelligence
The HPA worked with international partners-particularly the European Centre for Disease Prevention and Control (ECDC) and WHO-to set up enhanced international surveillance for the 2012 Games. 40, 41 This international surveillance monitored and assessed the risk, on a day-to-day basis throughout the surveillance period, of any infectious disease threats abroad that had the potential to aff ect health in the UK, and, in particular, at the Games. The team undertook joint risk assessments of incidents identifi ed as relevant through an agreed set of criteria designed for the Games, using methods developed for this purpose.
Reporting of hazards
The HPA's Centre for Radiation, Chemical and Environmental Hazards provided a daily environmental hazards situation report based on the gathering and analysis of data for both chemical and radiological incidents, along with any necessary expert public health advice. This report also included a range of environmental quality indicators including air quality, temperature, ultraviolet radiation levels, and pollen levels, as well as information on risks from river and surface-water fl ooding. 42
Enhanced microbiology services
Enhanced clinical, public health, and environmental microbiology laboratory capability and capacity are necessary to meet the increased demands of a mass gathering. As well as additional routine testing requirements, response teams need the ability to rapidly scale up the testing capability as part of the response to an infectious-disease outbreak. The recognised lower threshold for potential public health incidents needs provision of rapid, accurate diagnoses and expert advice, as well as provision of surge capacity. Before the 2012 Games, several innovations in laboratory surveillance, introduced by the HPA's Microbiological Services Division, also began operation. [43] [44] [45] The risk assessment for the Games identifi ed likely communicable disease threats, including gastrointestinal, respiratory, waterborne, and vaccine-preventable diseases. As a result, enhanced front-line microbiology services (and, in the case of gastrointestinal pathogens, a more rapid diagnostic assay) were established.
Laboratory testing of water, food, and environmental samples in and around Games venues was an important element of the work. This testing would provide early warnings of exposures to infectious or toxic hazards, ensure satisfactory standards of food and water for consumption were achieved, and guarantee environ mental controls (particularly of water in new or vacant buildings and facilities) were properly applied. Additional tests are often requested by event organisers-eg, for the 2012 Games additional tests were done on samples from marinas, hotels, training camps, and ships, as well as on samples from swimming pools, spa pools, water systems, food services, and mobile food vendors. An additional request was to assess the water quality of the architectural water features in the Olympic Park.
Findings
During the Games-time, the HPA Olympics Coordinating Centre (OCC) produced the daily public health situation report, primarily for LOCOG and the Department of Health. Information provided in this report came from across the agency, Devolved Administrations (Scotland, Wales, and Northern Ireland), LOCOG, and organisations such as the Food Standards Agency. A process of assessment for inclusion in the reports submitted to the OCC was agreed, and then a further review to identify what would be included in the situation report. This report was attached to the overarching Department of Health summary of all health activities that went to the national government coordination system that was operational during the Games-time, and its key points were included in the daily Department of Health ministerial briefi ng.
In the lead-up to the Games (June 2-27, 2012) several reports were received by the HPA of routine infections such as norovirus in several athletic teams (infections occurred before the teams arrived at the Athletes' Village), and of chickenpox among crew on a fl oating hotel for Games' staff . These outbreaks were managed by following of routine public health measures, such as isolation of people who were ill and provision of information about signs and symptoms of infections. The main risk was that of the athletes with norovirus transferring to the Athletes' Village (a closed community) while infectious-action was therefore taken by LOCOG, on the HPA's advice, to delay and manage the transfer of athletes. Figure 1 shows the number of events reported in HPA's daily situation report, by primary source of report. Across the 73 days of the HPA's daily Games-time monitoring (July 2-Sept 12), the HPA's situation report included 58 new events (not including the routine daily environment information from the Centre for Radiation, Chemical and Environmental Hazards), and 95 updates on these events. In total, the OCC received reports on 158 events that were assessed by the OCC director and relevant experts to establish relevance to the Games. The table shows the events reported in the daily situation reports.
The events reported were those that met the criteria for inclusion: "any event in the UK or internationally related to either an infectious or non-infectious agent aff ecting an individual or a group of individuals, which could have put the health of those participating, visiting or working at the Olympics at signifi cant risk; or which was likely to Table: HPA's daily situation reports and updates of events be/had been the subject of media scrutiny which would harm the perception of the Games; or which may have resulted in widespread public concern, which needed to be addressed". 37 Figure 2 shows the types of events reported in the daily HPA situation report. Most incidents were those routinely seen during summer and, as expected, related mainly to gastroenteritis (possible food poisoning) and vaccinepreventable diseases. [46] [47] [48] These incidents posed no risk to the Games and were managed through standard public health measures. However, some events reported were associated with athletes, and the HPA managed these appropriately by the provision of expert advice and close working with LOCOG. As noted, unusual events were reported if they attracted media attention even if they were not directly related to the Games-hence the reporting of a case of anthrax, which was in an intravenous drug user and not connected to the Games.
Events reported
Updates of events
Nothing unusual was reported, but the speed with which the HPA was informed, the response undertaken, and information shared across partners was far quicker than normal, and showed the thirst for information during Games time. Rumour management took up substantial time; rumours were predicted and managed well by provision of accurate, timely information, in addition to the assurance provided to politicians, the media, and the public through the daily reporting.
Sporadic cases of gastrointestinal illness were expected and occurred. Not all gastrointestinal illnesses are foodrelated, even if people often attribute illness to a recent meal, and identifi cation of a cause or source of infection is not always possible. The numbers and patterns of illnesses recorded during the 2012 Games were not unusual, and were similar to those of other similar mass gatherings. No common food source linked to failures in food-safety management controls was identifi ed; however, despite substantial planning, slight confusion remained around the investigation of food-related incidents and who was responsible for this inside venues. Some of this confusion might have been caused by the involvement of various organisations nationally, and of new organisations such as LOCOG, instead of the standard investigation and response being undertaken by local authorities and health-protection teams. This level of involvement was driven by the political sensitivity of the Games and potential reputational issues.
The syndromic surveillance done through the polyclinic did not detect any outbreak that could have been important for the Games. The data received enabled the HPA to feel assured that no outbreak of illness occurred that needed investigation or control measures instigated. The data were reported daily in the OCC situation report. Figure 3 shows an example of reported respiratory symptoms data by category of person.
Because the London 2012 Games was the fi rst time this reporting was undertaken, no background data were available for the usual numbers of illness or syndromes expected in the population accessing the polyclinic. If the background data had been available, interpretation of the reported numbers of people with each syndrome, by comparison with expected numbers, would have been easier. Additionally, many teams brought their own doctors from their countries, who saw athletes and offi cials outside the polyclinic; some cases would therefore not have been reported through the system.
Discussion
No major public health incidents occurred during the London 2012 Olympic and Paralympic Games. Only a few outbreaks of gastrointestinal and respiratory infections were recorded during the period. These outbreaks were not a risk to the Games, and overall infectious disease reports were at rates typical for mass gatherings and unexceptional for an average UK summer. No food-borne illness was directly linked to a Games venue, despite the tendency for those reporting them to label them as such. However, to what extent additional food-safety measures put in place for the Games contributed to the low incidence of illnesses is not possible to say.
To state this confi dently, the HPA introduced a number of enhancements to the surveillance and reporting systems, many of which have now been incorporated as routine systems within the UK. Also, close collaboration Gastrointestinal (various) (19) Malaria (1) Air quality (ozone) (2) Fire (1) International events (5) Anthrax (1) Meningitis (1) Chicken pox (4) Respiratory (legionella) (2) and robust planning across all relevant stakeholders were key factors in ensuring that all potential issues were identifi ed and that any links to the Games could be reliably ascertained. Some vaccine-preventable diseases needed more sensitive consideration to balance the competing interests of prevention of spread in a confi ned community against the desire of elite athletes to not be treated invasively while training and performing. This need shows the importance of real-time information and rapid public health risk assessment that takes into account the context of the incident.
Provision of reassurance to the organising committee (and government and media) that nothing was happening proved to be a very important role of the public health surveillance systems. The importance of this reassurance role is not well described in mass-gathering publications and was not recognised in the initial stages of planning for the 2012 Games. Because the need for this reassurance emerged in the planning discussions, enhancements to surveillance systems and to the coordination and communication of public health activity were necessary to ensure the need could be met. Surveillance systems are not primarily designed to prove that nothing is happening, so they need to be reviewed and enhanced to fulfi l this role eff ectively. Organisers planning mass gatherings in the future should consider this aspect of surveillance requirements as part of their assessment of the existing system's capacity.
To access information from as many sources as possible-eg, through media communications systems-is also important. Information sometimes appeared very quickly in the public domain through social media outlets such as Twitter. These reports were quickly addressed with the enhanced surveillance and reporting systems to assess validity. Robust communication arrangements also ensured rapid dissemination of information to stakeholders, professionals, the media, and the public, and prevented the escalation of rumours. This system of active coordination of information through a single point of contact also allowed us to establish, more accurately than previously, whether events occurring during the Games had a genuine relationship to the Games or were coincidental-something that has not always been possible at mass gatherings.
In conclusion, many of the enhanced surveillance and reporting systems and ways of working have now been embedded, and are a direct legacy of the Games; the public health service in the UK has been enhanced. This enhancement will enable improved national security through better surveillance capacity and cross-sector working, and a coherent approach to public health security issues across national government and globally. It is now important to maintain and build on this enhance ment. Our key message is that, although the absolute risk of health-protection problems, including infectious diseases, at sporting mass gatherings is low, the need for reassurance of the absence of problems is higher than has previously been considered, and this could challenge conventional public health surveillance systems. Lessons from this experience of the London 2012 Games are being used by those planning for the Rio 2016 Olympic and Paralympic Games. 49, 50 
